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m 2.2i 2C4CBamB(:f) t mrnmrn v r p t m\ m 
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5 N f \) / ,) jfxjt 



fScflK ,^r^n^'s <<1 



2C1DAF ^ 2CiC ^- F 



mm* fy&vm&m mmm) mmmt^m^mm (m<om) * 
mit-z&zctic&'oT, mmm&mmu tmmmh o & < < x* l fc e 

J:oV^T!i 4O0^fW", TPD, CBP, 2C1DAF, 2ClCBzF £1 
TPD ) 2C1DAF > CBP > IClCBzF 

Zti \ U ' $ {"1 i 1 1"- il »t [ !'i /J" / V Ir h >V f 4 " 0 j| . t ! i , ~ 

ft, c ©x*;l/:£— WfBtofc «fc *) HOMO, LUMO<?>x^^^-#-!i/y^tl.^ti..hM-, 
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LUMO 




HOMO 



M M + 

ti 2.23 *ft^-?^7^*Mf*y<Dx^i/^-i©M^ 

oc (4xlRTy U2 exp(-A. /4/rf) ..^ 2 . 8 

^of: 9 TPWCBP, 2C 1 D AF& H<?5 7 x ~ £ 7 x ~ /kffi^re l»Tfe $ & 
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■ TPD 

. O CBP 
▲ or i oaf 

. V 2ClCBzF V 

v v 


V 

V 


V v 


■ 


Jf 

o 
■ 


^A A 

O 


. All A A 

S 1 > t i i, 


i t . i 



i i I i I t I I I — t I i 

250 300 350 400 450 500 550 

E (Vcm ) 



N >\ > r / , M > if 



2.3.4. $H >j,'.\-£ i 1 'J *' W«-M<^7i 



// oc />" ex 



-5^2.9 



/. )J: * v P > '/ >J 1 Y mw&iY?> : ' , M ) ' , 

«'^^FfP^fc^-rMKf^ill 2.25 fc^t ^^ f xS*#Mi:4^7;l^-bMclimt 

§ C ilk" | fcJS ft, T ' . j ? m * Wfr v V > ? 

6tl&» WfitTOfij5tf% 4 i:l*7L;^, 2ClCBzF, 2C4CBzF, 2C6CBzF £0 
4 1 -V i ■ ^ilf feMfe y^7% H 2.26 tC flM^fi < ^^L^iCj;-; T , 

< *T « 6 fcfc fto 




2C4CB/F 



2C4CBzF 

11 2-25 «^ M U ft 2CnCBzF 0Y /y f-M 
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> 



□ o ° 


□ 

o 

o 


0 o 
• o °° 

»-4 


A 


" o 


A 


A 




A 




A 




A 

. I » i » i > i < i i 


i « 1 i 



""200 250 300 350 400 450 500 550 600 

,•1-2.. . -Kl/2 

b (Vcm ) 



-37 - 



2 3S Disci dei model ;_J;^>r -V > 



-V U ) * ' l ^ 'VC* ,U'. t " f ,1 i . ^M'h free mobility ,/ , Positional 
disorder parameter I&fJ'ISnergetic disorder parameter ct^H 2. 1 fC^ni" ,, -r 71 i' 

etui, ii^re^ji^^^o, -/ ( i mi >«■ ; h -C* * « 3 f)m^&-!mwi&% 

^iwii, <nW< "j , c t,\i t'Wj l M m fc > 'I j-i'^wU i'Hf^ 
ft^ tr < «t £C£ ti $ c £ teSHT 5 <£> > £ ft* 0 

fife, 2CnCBzF*M:f£L/cif£ ) , rtm ; J"^^5fi«|s©^^{f (fflU'e^^/t 
iClfb §V')\-fcD§ £1 £>tf^SI£tl%C Positional disorder parameter ;¥A*'c? < 

ftfr-jfco cni-L ^7x^/i/T 5 9 &Ji}Wv/~;im£\t'<r y u*->yn 



^ 2.1 Disorder model {C £ & tfM)?©«f 



Sample 


Ma 

(cmW 1 ) 


£ 

(cm'V 1 *) 


0 

(eV) 


TPD 


0.380 


0.0405 


0.099 


CBP 


2.844 


0.0504 


0.112 


2C1DAF 


0.0916 


0.0256 


0.0846 


2ClCBzF 


0.814 


0.0357 


0.0992 


2C4CBzF 


0.870 


0.0380 


0.106 


2C6CBzF 


0.326 




0.113 
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2.4. 

■o^xw:fo)£ o rMimz c tmmtc* sat, &*->mmm ?rrmt 

4 O0€f;W-, TPD, CBP, 2C1DAF, 2ClCBzF <£Mr* V 

-/j -/- * > t ciaitox * n -t t ^> r f -i- r y 7 m Wi* 
fyzzt t -m l fro 
(2) r^/py r xKi^p©*. v hmmM%mwtzrztb, 3 -o 

*7E>W h 2ClCBzF ^fil^-v U 7M« 

CO hwM«i«i nnd i ' f n t jfi ] H i ,,H PhJ )HJ u, ilT- 

(4) f li*-;b#®it^4^ § fr-3Wt£f r 3 lie, "BKU 9 

(5) ■ I 6/ iO^Vcm m=3.1 \ 10WV \ * kfoU-frilffli 1 1 M c 
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2.5. ^mm^mmt&m 
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3. * x y .<> mww$k* y v rmmmimi nttm 
3.1. nwm^m*w&(»wm 

mmn, n wmm^mwo-M^im^mmt § * y r & 

-.v • «*!3.1) 
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HPS HPG 




PPP PPPO 




PPCP 



-43- 



3.1.1." t m^fcM f'Mj.ft© 1 line of Flight ; BC J: o { ( i ti 

lx, cm tof mm^mm^n^fc w%kwvt& 2 

HPS, HFC, PPPO,/) )- ; -P. • m! m KiUtft V ^Zi^j.t, 




113.2 41 " / ,] >4, ' 3>i M A' ! 'Hi' 



rcox->iZ, HPS, HPG, PPPO. > ui :{&<&?>, flfei^^ s-.HPS^ »;U P^l' f i^i.i 
,3'- f j' j l o / lOsy/cmtDft, A^2.I6XlO-3cm2V-is^«^^^ofco tfe, PPP& 
M'P( P(M 
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3,1 .2, tf^Hffll ^tfr~~}l®m}k<0 Time-of-Flight tBC £ %W tf 

mi&Ltc* t 3 *>, *-/t^&£?jVt hps, hpg. 




300 400 500 600 700 800 



B l/2 (VcnV ! ) !/2 



c^^-)r:, ff-iJMi:iC<, HPS, HPGU^^^-;U^M^$oc 
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3.1.3. >k >l',rfr>A \'Vvmtym f m i £l:fo'$ \'W *<H."> 

* -i HrI^ rM> i^)« i'-.&ri'^ ^f^jf(t(»*if t V^^A 3 I HPS, 
HPG ' H 11 r ;1 ilff ,< ' ; " ?«t. PPCPU:^ « 

>l"i. '.liY-H**©**^^ *X7^>' 



A - 1 










Sample 


» : 

(cmWs) 


(craVVs) 


fp 

(eV) 


Ea 
(eV) 


HPS 


2J6X10* 3 


7.76 XIO" 4 


5.9 


3.1 


HPG 


2.49 X10' 4 


6.61 Xlfl 4 


5.84 


2.98 


PPP 






5.87 


3.22 


PPPO 


8.64 X I0' 6 




5.85 


3.04 


PPCP 




2.00X10"* 


5.87 


2.83 



2)W|E46 X 10«V/cm 
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3.2. u ~: <^:^yj>it^¥r ' 



rt - \— /- ||, j M , , j - i- t , f » _ i , f u t> v ' N ' t 
WlM (HOMO) >#,:^f»M (LUMO) <Dx^;l/4---M^M«rfi'efe^ HJT 



-47- 



11 n u isi 3.1 ®£ ? isomer s^n^it* 

POCI 3 + 3 Ar-Br ► R \ / 3 

ether ^ 

fi 3. 1 h u r y x 7 ■< y -> mnm) v • 



H 

EtO~~|~~OEt-f 2 Ar-Br 
0 



Mg 



ether 



o 



13.2 ^7'j-^X7{>t+yF («#D <D&riU*-i* 



POC! 3 + 3 Br-Ar-Br ■ 



Mg 



ether 



^ Ar - Br i 3 



J 3.3 HJ (7n€7U"-/l-) ^X7^>^yF uH»2; cor7>7X4W. 



(-Ar-Br) (tr ,iAr) Pd catalyst 

/3 + 3 V ' 2 ^ P- 

O O DMSO I 



.Ar— S 



O 



B 3.4 hvrv-MT.y^y^^ K.»if*«i^A4— a 
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(tbpo) oy($f& 



> (THE) J* t T 1 2moV\.. V&M U 4 7'P-I- t£7 x~;l/£^/l/<0^*^A 

fdi, mfb-^X^y^ (MW- 153.33) & 4 7p«7x~/L4CMLT 4.5 #C0 1 -# 
*. L fck r. ^ ~. ; : „; . \ ^ mi : i f f$> o < 0 £ 1 K I / :<> C ©It, 

(v U A-'f/Ht.5|c) ET, ^PP^;li^C"ri>ItLfc T^ilL?^ I::] i'l^^;^ 

^/7k- h/Ux:/jg&^£TM$U Pfel-iil^ll^o. (MS (FAB) : ro/z*506) 





H3.5 7BP0 y)/MX+-A 
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(2) HJ.X (1 • ^7-?'-;V) $X7YXt^^F (a-TNPO) 

^.ex4-— am 3.6 tc^f 0 i~7u^y#uv<D?v ~v~>mm%{m 

tZfcfo, mMWUh'UlX l-7n-£-t7^y 'MW- 207.07) ^THF^MtT 
t.2mot/L t?M U 1 - 7* a fc-f?* P> tm^frW?* y'7 A©* £ '>;»€> THF 

)V (MW- 153.33) I: 4~7n ; EH7x~;HcltLt 4.5 if© I ^^tllSioKl 

oto, thf icmm$-$, ®v<*)£ffiYLite com, wi, «~e 

ai'i't.r'i?! U'W^w'-, Ml '..["iT. i\is J Mi. uw-^^ 




KI3.6 a-TNFOO&ijSU^-i* 
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(3) 4, 4' IfX (>*7x--MX7^/W E7x^l (DPFO-BP) 

7^-~ i j>m 3.7(a) I tt, "/p^-\: i oi ; 

llOmmol) £THFfC*tLT 1.2mol/L VfUBL, V^v72vlt* 2.4g (98.Sm.mol) 
-40t:tcSWt. 11U Vfi^xf-;!/ 5.18g (MW-138.10 ; 37.5mmoD % 3.5mol/L tM 

%&5icrm icmm%^fzt>(Dm~i<%bmrL, mm^ttc, com, we 

Lfc IS, 7 p n^;U2,~-7icmB U 7 n p sfc^AjS^S p-£ U -xM4? U-* 



S 3.7 ^7xrMX7Y>^>h* («*A.) c?>&$ 



\i i. 1 L < ' - , V , , . /I > •'- ' - *l. ^ v .*I38J: ,4 > 
$X*~jy<-T&$&i ) ~N , « < K~Xtipffim% 4 04g (20mmo0 4, 4' 

•- i??U -T-: e 7 x X )l 3. 1 2g (MW-312: lOmrnol >. . < * 4 ' 'I 4 I . ! u>W-« > 
#*U M/^>'7A89.8mg (Pd(OAc) 2 , MW=224.51 ; 0,4ramo0, 1, 3 £X (7 
7x^M>X7-f/) y'wVy 247mg (dppp, MW=412.44 ; 0.6mmol), N-Xf-;!/ 
^V7aW^ WmL^llflu DOT C2H^ H1^lV2-U^ ^c>if»7 
or *\> A~ kC<*fi U ' p n-wl. , m k ^n- 1 > } -x/S4? X~T*M t fc ft 

c: n-£ ij7is, 7 i> 777 7 y - (>- y *t;K) kt, 'vHJ-y - p >: juxhiw 

&DPPO RP i ;6g us 22mmol t K (8 82%} > : , % (MS (FAR) : m z«555) 



H 
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(4) 1, 3, 5 HJX (^7j~WX7^^) ^VHEf> (TDPPOB) 

BI 3.9 <:CT:t., t-f. m : k - i £'\ N oi ; 

llOmmol) £THFfC*tLT 1.2mol/L 'SIL, v^A©* 2.4g (98.Sm.mol) 

-40t:tcSWt. 11U >«vXf-;P 5.18g (MW™ 138.10 ; 37.5mmoD % 3.5mol/L 

s*9fc thf tc®&-£#tz*><o%ti>v< *)tmrb, mmwttc* com, mmv 

>7<jU7 7mmol,JjK^47%)S^«H^^^JMSfFAB):m/z«203) 



Hi 3.9 ^7x™;NU7 Y>t^F (fpHS# A) c?>&$ 



MCI, 3, 5- h U X (77x^*X7Y^l') -^>t? >C>&$£$S 3.10 (C^t 
;4 >Wtf ' " - " U - ; <\ KfcT'fffWfcA* 1 21g (6mmol) i. 3, 

5-b"-'tJt^ ■L>('{)i;' \!\\ oll«,Jinm.l) '1 " ^ 7 'I \C J . h r'^L 
L , PdfOAcfc 93mg (MW - 224.5 1 : 0.4 1 mmol) , dppp 26 1 mg (MW =4 12.44 ; 
O.63mmo0, N-Xf/ky YV7P H'/l/T 5 >' 3.7mL^;/jfj^.T, 100 < . .Ml^ljVi'Jk 

v n it ;• •. ', i n mm%ftmvn mu \mm%* * / - *u - h ;ux 

VT?MW.U [lf^Jt^STDPPOB0.64g (0.94mmol, > - I < 
(MS (FAB) : m/z-679) 



H 
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S3J0 TDPPOB<0fr$X* 
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(5) 4, 4\ 4" -HJX (^7x^X7-f»/W Mi 7x-WX7 Y 
(TPPO-Burst) 

157.01 ; lininuu ^ : :i . ,Ji ) , * / v f> - >^H ^ 4-4 

(98.8mmoi) 1 1 II ^< - " FLft V? 'V' d f 

fc&SSL/cIt, -tttfCff^L, .i'jyl'7Xf/!/ 5.18g (MW- 138.10 ; 37.5mmol) 
% 3.5nioi/L THF *><0£i$>«3 < 0 fcSSTU -f^fM-L fc 

W^^fa^T'SiiU 3.57g (17.7mmol, W 47%) I'm^mUlf: (MS 
(FAB) : m/z-203) 



&lc s FU- (4-7n€7xx;l/) 4vX7Y>^+^ F (4«B> %&$Lfc 0 

&JjSU > 3 12 L j -j If, II- - . / :i V •!« 26g 

(MW- 235.90 ; llOmmol) % THF iC^LT 1.2mol/L t«t, !t /ivl>),k 
2.4g (98.8ramol) THF fDgg&^l*^ < 0 »T tfc< ; v^^Ai&5fctf 

; ,V' felCgfiSt felt, I&fbKX^lJ ;P 4.6g (MW- 153.33 ; 30mmol) %®o < D tWf 
Li:.., ^ L / ih ''n-i^/i .\-7]<ic 

fz®&M%*$/-' I MF ^ B5.21g (lO.lmmol. 

i i (MS (FAB") : m/z=5!5) 



H 




4' ff I* A 
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B 

[13.12 HJ (4"" :/n^7 X -/l/) ~t^7r^->F («i*B) j'intX^-A 



m&vc mm& ^rnimi 0 ;h * tpfc-bui-m e 3.13 itx-twac 

X & $ t fc o I! m If II xt T £ T fp m it A £ 2.55g ( i 2 .6mmol ) t *P f»i # Bl . 06g 
(2.06mmol) *->M ^;]/.X;V*4->- FiliC^l, Pd(OAc) 2 93.3mg (MW^ 224.51 ; 
0.416mmol), dppp257mg (MW- 41 2.44 ; 0.623mmol), N Xf;^>VV7nE'/l/ 

« l fe «, ttMbrcumwtt* $ f^xy-epi & it, i #j ^ & & 

TPPO-Burstl.39g (1.58mmol, *W 77%) «&M&i%lifc<> (MS (FAB) : m/z-879) 
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(6) 4, 4' fcfX (v^xX^XT* YX/F) f y 7x^;!/ta7^ y%*i/ K£> 

X*-~A#^ 3.14 iC-i't 5i < ! - . .:r"-H'^L i.7.2g (MW==== 

157.01 ; nnsmmn ; ;i ... . ,jj : . ^ / v^y^LfM 2.4g 

(98.8mmol) 1 1 II ^ , < t " FLft V? \7'/MM 'V d f 

fc&SSL/cIt, -tttfCff^L, 1! U >'iylxf;b 5.18g (MW- 138.10 ; 37. Smmol) 
£ 3.5nioi/L £ vi£ THF fc^S-frfek©^^ < 0 fcjgj FU IMIW t fc 

W^^fa^T'SiiU 3.57g (17.7mmol, #|47%) Qfefel^f^ (MS 
(FAB) : m/z-203) 




mm a 

113.14 77x^X7^^71' («I*A) oyftfc 

%az, Ifx™ (4»7nC-7xr.;P) ™7x."MX7^>*^yF C) £0 

a^^fTo feo &.$X4~-A« 3.15 icvnto £t. /V7^7n^:/P^>'-lfy 29.3 g 

(MW - 235.9 ; 1 24mmol.) % THF fc&LT 1 .2mol/L Tfl L ,'?^y 7 Ai?* 2.54g 
(lOSmnioI) THF ©ti^^o < 0 tffiTLtto V^^V&fMtf&ik 
lcmt>Lfc'i£, ^PP7x~MX7^>t*y F 6.99g (MW~ 195.08 : 35.9mmol) 
£ 3.5mol/L t/jSc^J; v^^x^;Fx-x^^W^iifcto^^o < 0 fciBFTU 

^n~~^ y — -t - v-? v ^ r m t ft ! o - \ *> - j x . h ~> y •< 

- (yiJ*W ^>-7nn^KT4)ltfe 5 ^ifcLfclS^&^x^i/x 
-f;MCifi, iWrSCti-Cj; 1.9 ? (11 mmol, 1X^31.6%) 

«ft%»fco (MS (FAB) : ro/z-436) 
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m 3. 1 5 tfX- (4- 7" a * 7 x x ;!/) - 7 a: x /!/ 7 7 7 f > * 7- 7 H ( C) 7> 



77! i IX f 7H U^"">MH'f'-' I-TPPO-Trimer^M 3.16 <DftfcU4W.JC 
X ^ $ l fc o f 1 $ n m f ( T tC T 4' fi ft A % 4.48g (22.1 mmol ) £ 4' {$ ft C2.42g 
(5.55rnrnol) '< < f ' ; , 1 " 1 r I ,7 ! P<hO\ } 2 OmgiMW 2^ I >\ I 

l.UmmoO, dppp68Smg (MW= 41 2.44 ; 1.67mmo.i), N xf-/^VV7'nH^7 

7 7 WmL^'jlU t7 IOHV7 2 j W^klf.^ 7 7 7' '7,717' f n *l .7 K C 
iffiU ^nnjHM»o-^ U-x/^U— ^-tfMtfc, CMA^A^o 

t fe« &m l tc m * $ / - ;v h ^ x yTsnii, 

TPPO-Tnmer2J2g (3J2mmol, «56%) £>ft&f&«#&* (MS (FAB) : m/z-879) 




-58- 



\-s7,y <v*A m mom mmtm mm >m 

S'litilh ' , , f f f h 1 M I* I lUi tH^iw Occupied 

Molecular Orbital : HOMO) tini^l i l > /l-K f"**liU (Lowest Unoccupied Molecular 
{ kbilfx) ! UMO) £<D3 >-/>4- < x > 

a ? i o>m& i * -I i -^(BiiL^sctwomen^, 

*fc, UrWjCDH^C^ HOMO •OO-uj-^0^< C t«- 3 TW»«ft>t 

-< f yitm-'>i : i, PitHc 1 1 mo o ;j l cm,** &ii \ 

.^.^O'tt >V; X s\ 7 h jfflji? L, C*l££>x* /l- 4"- 4 f r >y T ^ If ft L 1c , $ /c , 
TPPO-Burst Ml ^tit HOMO &tf LUMO €>X*/t^--$ ft f v ' \ i ■ 
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(1) TBPO 

X^;l/^™^-v Eg-4.G9eV (264.4mrU Tfe-o fc s gft, i£>m 367nm 



TBPO 



A 



200 250 300 350 400 450 500 550 
Wave Length (nm) 



m 3.17 TBPO )V ij s 'M , r v L s - |- >i 
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(2) a TNPO 

a -tnpo 0mm<$wt^t hfrm&mmtm 3.1.8 icmto mwMfr&mit 

m-X.&fV^-Xv y Eg=3.79eV (327.4nm) T*&itc a £fc, 382nm £ 

L- 5? l r<* §fs 



a-TNPO 



PL 
- Abs. 



200 



300 



400 

Wave Length (nm) 



500 



'] 3.18 a TNPO 6/1 
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(3) TPPO-Trlmer 



TPPO Ti imer <048 i '.kl :M £ h >l M l ) L -I W*l <:,',-.> ^ J.i'- 

^U-f'H'-li '::E«=H1,\ (327.4nm) L f J _ £fc, =FV£ 306nm 



TPPOTrimer 




Wave Length (nm) 



[«] 3.19 TPPO- Irimer ^M&O'^ftX^ ? h )l 
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411 t /;*X7 < ; 1 * ; v \ % %\k >>>■ f-x. h k ^—-\- v >. ■ 7 % t ! -; tbft M 
tk^Uhi ui h'm^nx 1 ^ oxD-i bcp »« : f«MI4fcit^, * 



12 3.2 ?a7-i y 




Sample name 


Energy gap (eV) 


PL peak (nm) 


TBPO 


4.69 


367 


a-TNPO 


3.79 


382 


TPPO-Trimer 


4.03 


306 


TP PO Burst 


4.26 


326 


OXD-7 


3.6 




BCP 


3.7 
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) 2 2 3 rPPORursi < 



TPPO-Burst 0') HOMO-LUMO xtW- V m ■ )ll 

v ,V h >l it. 0&8fc±tC fV ' ~ J 1 ri-'lL^'L/,: ITPO-Burst iiT U 

CCOMWO HOMO-LUMO X^;V^— M (X^/M 2 -^* V -f) \$, IIXH) 

2.64eV TPPO-Burst tt. 326nm £ 379nm ^rH - J , L <'i 

;V :/ a > ■> v n w | > l \ ~> n £ Ml I o >j r £ \ 1 

COXD-7) : 3.6eV, KV^-/q^> (BCP) : 3.7eV, £ 0 fclAl >X*;I^"™4^ y "f 



1.2-1 ; 1 1-2 






j§ 0.4- 
< 



0.2 



0.2- 



0.0- 



0.0 



200 



300 



400 



500 



600 



Wavelength(nm) 



113.20 TPPO-Burst W/t iMK. #>fc) *"h;l> 



£ 6 ic, ■■■( X >Wr y is -v /I> (Ip) fciBfofc ^ & fc#>. Cffo Bui st - 1 f$ > # rii r 

i mnmizn&fr-jtz z^i~ m. m^i , rppo-Burst e.sevw 




-2.0 -1.5 -1.0 -0.5 0.0 
Potential (V; vs Ag/AgCl) 



HI 3.21 TPPO-Bunst, Alq3, BCPW ^'J <y^V«-^A 



£*JU#> * HJ-) tHJ^TU! rlllfll/j (Ea) ©pfi^fr^fc„ TPPG~Burstj»Ea 

^7/k^n4tP- b (TBA-BF4) t-&K, F (DMF) MWtl, 

2mM/L, SM/Lfc IfW £ U h V *)ffl1fcbtc 

»N^I t- i , / * n *qi' i^J;f)Ea^^46fel3]o 

Zsa-£ s/2 Rcrf +4.52 ..,< 3 .i 

3 1 3. 1 w 1 !') ;| ' H 1 PO-BurstiQEafi 2.74eVT*& ■ .> £ „ t L 4~^' A , C (?) ,! I t) ' : ■ : 
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~£&&Alq 3 (Ea»3.ieV), BCP (Fa- 2.8eV) c >^ i | f '.'!_] PPO Gu - > 
®.tfh%Z.tfrt>, TPPO-Burst©Ea£ 3.0eVfc^?WLfe, TPPO-BurstfWil« 
'WVnH' ^^Xmif:\ xf '1-1- "1 BfVi;E,i ) MfPli^A, f.t 

TPPO-Burst mmicfu^jL^ji^-^^ v~?%&-2tnK, M^^tv 
i'LIVr; > v 1 ^ r>, fjR El i{ Mi f i^lffifc Ltltfeif^J|o|ft« 
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;fif .&£f$t EL UStF*; 
fc&O, TDPPOB >ZU 



m 3.22© 

m 3.23 !-C^c 
Aiq3 fdt^iXH 
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J J 0 I 



°6 6° 



°6 o 



MgAg cathode (lOOmn) 



PO Derivatives (30mn) 



Aiq 3 (20nm) 



TPD (SOnm) 



I TO/glass s ubstrate 



MgAg cathode (lOOnm) 



AI% (SOnm) 



J L 



TPD (SOnm) 
ITO/glass substrate 



:| 3.22 vPm L/::4-v7,7.,- L/c« EL & 
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400 



S 300 



-TPD/Alq3 

~ TPD/'Aiq3/TBPO 

TFD/Aiq3/a-TNPO 
"TPD/A!q3/DPPO-BP 

TPD/Alq3/TPPO-Burst 
~TPD/Alq3/TDPPOB 



// 




T" 5 6 7 
Voltage(V) 



J 3.23 \ , ' > \ 1 + %\\ Vlq i ( if 
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3.3. ;,i . ^U&liL&fOMK 

m el uto i mxm^rc tm, mm^ x?u-c t bxonmitm tsnx 
50, lcd pdp t>n n ^11 i sji ->&ix « R,i i& 

nx^znmic&mm BL^mr^u^xxa. mmtmmx&i). 

Ct/i'liji L i Km-'>M>iX «fc : 't«"»ij ' r.hi'i ^ W. Bool LI »T4v~ 

Cpedotpss) ^/KrtrffkA 1 - ' : . . : , < , - , .fflf £-r 

feii «<Di£mtf&$ >fe[8] J;/ ^{CnlljTOIfert . til 1 

:m ir L 'C HK og»ilK^«£J: S Hit EL 

j h * ft 4\ 4" hUX (y7x^MX7.^/V) HJ7x~;t> 

*x7^yt^F (TPPOBurst) *»^iMM8>:LTmi\ tm. im, 
#n el m*%mm%tmc, n^mtm-mmmc^um el m?t Ltmm 
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(Ir(ppy) 3 ) WM'J - (9 K~^#;W^/--rt/) (PVCz) !C& v -j-- 

U X-H/y7,;lt^w h (PlDOl-PSsu Ai i^W^^htltz^y < >**-s Kit 

TM 'J tt»J&tf h y^«^^ff r> fclTQJSvXmU.kiC, PEDOT-PSS '}< 
M^bXIf V3- H&CT 3000 ©fetfh 180 #«>&#T' 45nm£'iyf tfc, )t if£ 

;10HM1S fl« I fell, ^fCfh 'tKn7 ^(THF) !cPV C / 1 4g/l , 
Ir(ppy) 3 #PVCz£*$UT 5.0, 6.8, 8.6, I0,0wt% j; 5 iC^it A > Ml- 
X £ > 3- h X 5000 Sfe/^> 30 #<£>&#T? 60nmiJj$i L&«:li*C T 85V, 1 
mm&MVft* TPPO-Burst^r I6g/L£« <fc 5 K<< V :/n e;l/7;Un-;W«: 

L fd«>£.ffi is .xeyi.1 - h m& x aooo mm ft, 30 #^)^f re 30nm 

aiF ) & Wfiftfc 0.01-0.02nm/#£T 0.5nm, ' \ \ - ' i .'0 01 

-0.02nm/#U:T lOOnm0$« C fciCAoT. i -\ . :■ il.'A.V.i V" (1 >«u ": 

lfiELi?%^ tfe 0 If^Lfef »Ll?©if Ml 3.24 iC, f-fc, Mtfc 
3.25 fw^r. 
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TPPO-Biirst (3Qnm) 
(Wet process) 



FED 'T-PSS • i-Simi) 

III I i lllil 



Wt'f process 



8 3.24 f'f I AiH 



< >--••< ) 

W./ W 

hippy) 3 



CXiO 



& c5 



TPPO- Burst 



£1cOJ;'m^L^u iV ' 1 < f 1 N 1 o,<] |,| 

"ill '2h. , : i^i f i,, f ; ^ ji \\* \ a v h . ; . i 1 >^> 
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: t LTiK fc46[13], lr{ppv)*«!^H JU.l. j -\ J r, jTPPO Burst 

,» a ^>r>/rc^oP\ t / it ipp\ . - \^ > - i t'con urn t>n, a - >. > n 

»i>iU v >!AK'.U-'' ^"-Vr, l ^ , lL V' f 't ()8«t\ [. 8 8wt% Ir 1 — 7" 
^^CPrsMi^Mbtifc, efts, J: s ft V: &? , f T*>& *> 




Applied Voltage (V) 
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H3.3 jg^M^f^i-:/ 1 1 •ItoitlS 



Dope concentration 




I, 


/ 


E 


(wt% vs PVCz) 


(cci/A) 


(cd/m 2 ) 


(mA/cm 2 ) 


(V) 


5.0 


22.6 


818 


3.63 


12.2 


6.8 


23.5 


873 


3.71 


12.0 


8.6 


23.S 


842 


3.53 


12.6 


10.0 


18. 7 


455 


2.43 


12.8 
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-™- Electric excitation 

Excitation energy transfer 
--** Intersystem crossing 

3.4eV 



4.26eV 



S' 



x- 



2.64eV, 



!.4eV T. 



w 



pvcz Mppyh 



TPPO-Burst 



Emitting Layer Electron Transporting Layer 

m 3.28 m- tmm el mH:m^^Litm^/u^mmm 



3.3.1 2 i >>,>c< t >r 



hi » MP n ' ^-h^:, L u /i'x ii n^fh MMl,* Pa) -,fi 4 t / 

''^h>.»»4''fr->/iin^J 7XM±Jc t PEHO Ps> \ > ' 
H^CT 3000 |B|1gtfh 180 45nm%MHLfc : , &t$$£ji$HCT 

lOSt:, 1 BlU^ML/cIt, Jbfcf h7tHD77V (THF) (CPVGz Hg/L, Ir(ppy) 3 
4'PVCzlcMLT 6.8wt%tr^^ j;^{cWtfdW».^t\ xe>n-MfeS£T 5000 
Mi ) HO I'M) li : (>fmtn> , L f t jl v h)i i l 1 , [ > , ^ £ ,{ 
TPPO-Burst^ .1 6g/L£ « S—)l, x£/-;k -f* V "7 P td* ;b T )V 3 — /V 
lCtm^L fcM&%!%i\ -X £ h m&T 3000 30 ^KO&ffcT? 30nmfc#S 



TPPO-Burst (30imi) 
(II Vr process) 



PED ^T~PSS (45i$m) 



process 



.,VJH f-V U \i ' l'N 3 30- 3.33 ^-i,i" . s v S'.i:."-,?^ 

1 »,\ ] \>k.l, < * >l ''t TPPO-Burst 0}$$Mb. LXM^ "7ct.(B&$U& y Ra SUlSnm 
nblS'ltu ~>V ^ >A liM, > t/--, &A;&>>R.i-0 mm „L vhl'j . >,i 

'* ^^fi!£i*J C#»). MP! 4 J i: L T ! S'rrH'l £J*rJl b - 
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3.3 1 3 vUWoyai i' : to;f] l .: TPPO-Barst teytm EL M ■ ' "u", 

TPPO-Buretfc flfe<0*m £ CD m%%fi ~> ft*b t y LTBCP. 

.•-Mm . £ »«J^fi;--ett^Lfcl»Urf-{?2ii:. ITPO- Burst 

£f\ T/1//J U 7 "fe h Zs&ffiffi&%ft'? fz\JO fj-y X « hM, 

PEDOTPSS'f ' . i * . 1S0*M}MU r.nmfrfi; 

IK L / ■/ ; ! • U « t v. H) > ! 1 J j 1/ t I " i ^ o > ;. / 1 y c: in/- < I Hi 
£PVCz I4g/L, Ir(ppyh&PVCz(C.*f LT 6 8wt% & & o VCtBB U > \ 5 MK \ 
X£>:ri-HBct 5000 hi"' \ JOlO'kll . bihmmmL'iliMfcMmzZ 85 *C, i 

ho * , r- ' , iimpm^- ou l > ( > * ^ . t - > ' jlv ;o 

« f i *>\ i I ' i - i 1 ' » 8 10 I 1 1 I ; / ) ' ^ 

0 j! i', I'M 0.0J -0.02nm/#fcT 0.5nm, 7>l^-^.k (A.i) 0.01 

W*EU^*J*f*Lfc 0 Mflfct T, TPPO-BurstM^BCP/Alq.^ t, W^n^ll 

* , ^ ■ - 1 v O ni -0.02nm/fHi:X" 5nm, 30nmX ; „ 'if,UK 
Lfco fr-fiJtbfcWaiEL^<D|f|-?«Sig*S 3.34 fc s Mil t/cW«W»^»ft¥H 
- <! 3.35 

















Dry process • 


0 j ! - liM: • 


(IF<# process) 


| BCPCSmu) 




H e/ process * 


llllllllllilllllllllllillllllll 


fIdoixi i'i iImi) 


FEE* *I~PSS< iSnm) 


IT' - Oh, 




1 3 3 t Af! ! fil.UI } 


-0^ i-W 
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PEDOT-PSS 



o 



o 



TPPO-Bur.si: 




BCP 




1 rippy) :< 



*umm mm, n»m¥wm&*m 3.37 icm* mwrnmcmmmm-vte, 

lITOiiuiM V.!. r*Mj^te^fcfc<D* 0 fc. BCP/Alqsfc* a /U ''IN ,| r'flCs 

MM it, TPPO Burst ^ N 1 * ' , •< , '\ It 1 -' 

iOOJmVuu*), P.rPAIq 4 MK soHnuhu ^<*UJ 17 «\ , >'> lL y.. 

172.3mA/arrO T&ofto 
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[13 5(i Af! ' -m \ (J i i i | l*i * 



n ■ /'•} i j -^WfcLTfflV^fe^Jt^T^^^tili:*^ 3.37 frfcfrfr 
&„v-:k !t^;.; t ' ; - ' -'^ ^i, TPPO -Bursts 1 ■> 

'Ail^i 0. i AmMcmK WftUM S7.4cd/irf>, BCP/ALq 3 £fflt^&<W 4.0% (.»« 
B: 9.4V. Ilif -s« l.SmA/cm*, 21I.3cd/nv9 T&oft* Cft&, TPPO-Burst 

1 row &c ~jrztzibz*h% t nzztiz 
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□ ■ Wet Processed TPPO-Burst 
a ▲ Dry Processed BCP/Alq 




Current Density (mA cm" 2 ) 



*fc, 100 aS/m*T?(rmytX^ bfr%m 3.38 te^t* TPPO-Butsi V, :)[{ 
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UJ 



|\ BCP/Alq 3 

I \ DYETM-4 



! \ @!00cdm" 2 

I \ 
\ 

I \ 



400 500 600 700 800 
Wavelength (nm) 

I 3.38 L fz^m EL EL X-v^ b )V 



w - turn * tr * ->i*&i»i 3.39 \zm* imLttmwsLM 

\t 431 > T , Mr?® , UF/AlMfr b TPPO-Burst^ L < ttBCP/AJqa, PVCz'\ t: K * - r 
*D«*fctf&&A<*n*o tfc*-,'barTO/r-bPEDOT-PSS, ^C^CPVCz^^K" 
•^O^^^^^^yTWj^m^n^, H-TJ v v. >-:.PV( 

1 • "•-<HV^3TPPO-Bursit^;ul:F?t PAjq-x-) M 5 , ■ 

# levm-wD, gcb^t.'>ir^^i/ c cote®, fsymv&zpvcmz* 

TPPO-BurstJ; 0 %BCP/Alq 3 m? M < , BCP/Aiq 3 £)jH ^fcA, j\ \ t -.tfrU i 0* 
Xictl; X V ^ Tc 'ft &6 V $> -I) t # /I ^ ft *<> C(?)f:S6, M^»T' & 4'- -V U 7 4>ft A ■> % 

•5 y x mx: p/Aiqs^ffi t^f'^ 4 ; ^ L <V > . <'d >t < l n 'H J ' u - 1 t o » l 3 

>t %ft§ a TPPO-Burst? > ~ ftRx* ;M f -~4 i > % y Vffi 2MeV£$mWUT'&%> 

It (pp\) i; 0 L 1 > t-nu I - J x -'in-' > frli," $i ' 
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2.3eV 



[TO 
4.7eV 





2.4eV 










3,()eV 


LiF/Al 


PEDOT-PSS 
- (45nm) 


PVCz:Ir(ppy), 
(60nm) 


(30nm) 




4.9eV 


~ - T.\W" ~ 






5.7eV 


7eV 





2.3cV 



ITO 
4.7eV 





2.4eV 








PEDOT-PSS 
{45 nm) 


PVCz Ir(ppy), 
(60nm) 


2.8eV 
BCP 


3. leV 

Aiq 3 
(40nm) 


LiF/Al 


4.9eV 


5JeV 


(lOnm) 


5.8eV 






5.7eV 


6.8eV 
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PFDOT PSS 6 X I! >:J- h 8 KIT 3000 |i jfc b\ 1 BO 6 (?) M\ C 45nm I'll 
fi L/c, 3S&&«M*£ T 1 05 th 1 L /i ft, S h r h h 0. hu77> (THF) 

£FVCz Hg/L, Ir(ppyb£PVCzfc:*fLT 6.8wt% tf&%&5 Kffiffl Ufe^^lS V \ 
X e h a - h , h - T 50i )0 hi «. ;> 30 f!>i> i i 8 I 

Nf18J$£*8 1 1 h 6 IPPO Buisi£ I6g/Li:$3 £ d tc>f V7a £;l/7;l/3— ;MC 
j|?^Lfc«%||R\ XEva-h T 3000 J1$k/&, 30 30nm bf$L%>& 

>h>h>U i I ^< 0>f lUi'.; t,L > j. !_{__< > ! h 1L 

L/.llHwH'! ' ' "hi [ 1 - t ' i ' ) 8 10 }\« 0 >] h ' 1 << h 

(LiF ) > . M v :,| U 0 01~0.02rmi/#$£T0.5nm, 7>l^~#2x (Al.) ^Igifjlft 0.0 1 
— 0.02nm/#tCT 100nm)Ih€ t %CblC&oT, tsWM^t^Z %M.&UklC X ft J$ t it 
WilELSi'^MftLfco MMfcLT, TPPQ-BuiM,^ * t*> mW U> ^ 0.01 
~0.02nm/$>tC? 30nm» L fc#fteUlRP*fMfc L fc, LfcWIlELiflWJfc^ 
0, hi i4QU,;rlh 



process 




TPPO-BusvO Ohhtim) 
{ Wet process s 



PH* h~r :,• < l.hs.Ui* 



ttf process 




TPPO-BmcO ( 30mn) 
( Dry process) 



I LI < h-hh > 15i.mn 



1 fill 



hi » 10 hoi c <h. kO y h 1 : .VhoOo V J i j 1," ' 
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Applied Voltage (V) 




0.01 0.1 1 10 100 



Current Density (niA cm" 2 ) 
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c J; ; \) ,ii1t%^Aimu &fo>\< ami, 

f PPO-Burst tem^TWrnvrc 15080cd/m2 (MjltH: 22V, fl?Iffi)t 

H16.3mA/cnvO, Sl?lt : lt'fet0i' eOlOcd/m* (SHfjj&'h 19.4V, mtiVti^ 
36. i m \'( m ) . .f - > r_ \'f . , . TPPO-Burst^^^T : M LVi fc<D©#*\ 

v ' i i-i iJ-, ippo r.urst&urcim: ' : , :n> 

O.HmA/cm*. %»it 57.4cd/m*), ^TfM .LfctWtf 9.9% {fWl 12.6V, ^ 
( L U Um\<m. t>l^ f, _ U>88<d m < *_ £ 1 , "s 1 ~ * > - . ^M, ti- 

MM r^fc&ivtfc*, TPPO-BurstJI£ftjW ' , \ ^ZlC 

1 i V ,kth ' tK l i ill * ] ( l Z „ i ~ >wV 

j hv,^ mvmmmtim® ' % *> . ' » l & > ^* / w ^, ?i v v^Lui- $ ,b $ n 

' 1 i,. '"lUi'U U<r j *>/J**affWft&ftfc«, CtUi:, TPPO-BurM* 
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'Jyt b-R C* j (eny^-h) ^f'Jy»)i (III) (Flrpic) & K-Tf fcfcJ; 

PED0T-PSS7K^»^ X e H2HCT 3000 iMfeO'h 180 #C>;»""e 45nm»|!| 

fM, . ! ! M „ J0>< I m^^L-t - - ' i ?t FU77y (THF) 
{•CPVCz Hg/L, Flrpic^PVCztcMtT 10, 20, 30, 40wt%tfiJtS fc 
t \h ' <j' , x_ N 3" ,i.V^Hio![. m of >f-f[: - fiDnui" K _ >u k'J* 
mKXBSV; 1 PWItt SblC, TPPO-Bwrst^ I6g/L fc « <fc ? K<< V "?VL £ 
;U7;V3-/WCfcffr Lfe«#mv\ X If V 3- H££T 3000 BWft, 3O#0&#T* 
30nm 3 tCtSfiSU CTifBifcT 95 4 C, I «IE#L /i, COJcMCbT 3 

•".If^Sfc L fc{ j «1 "<\^ :ir>y h U 5-8 x lO^'^^it^TT^ -y 
fbyf-^A (DF) &s&H3Ij& 0.0.1 -0.02nm/#JCT O.Snra, 7;!/£~«>*Z% (AO 
ff jl?f 0 01 - 0 02nm/#*cT lOOnm'r <w' ' M k > C, f f&*W> 4 -\ . '» i ' \J , 





TPPO-Burst (30mn) 
(Wet process) 



process 



IT? '» 
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PEDOT-PSS 



PVCz 



X ,, 



A <A 

FIrpic 



Ltd 



cuc^xxo 
5 5 



^ 3.44 ,vi , ti" n : - i vm i , tf a 



!i?/W^7~*t U 7MM#.£*#*S[13), MT'^^ PVCz : FIrpk ®C04--V U 7 
tmt>n%o sr. 1 ::f|U\ F-7MM&®^$>(tm 

. M ,v I m' r^j I 1 mZtltcC tit, Flrpk ' ' * h^V/'M ^fe-I)/ $ 
^ 20\vi 0„ )[ ; ,•;.*; < , 22,5cd/A (#;$M / : ii;4S 1 1 %) T -> /£< -r ll f^ W.) H - 
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Current Density (mA/cm ) 
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Flrpic con centration 

{ V\ I o vs P\ 1 / } 


(ed/A) 


L 

(cd/nr) 


J 

iv\\ cnr) 


£ 

(V) 


10 


20.7 


1609 


7.76 


12.0 


20 


22.5 


1514 


6.72 


12.0 


30 


21.2 


1535 


7.23 


12.6 


40 


21.5 


1274 


5.92 


11.0 



, 'I " \v v+ l/lnrnf-'J^/t' :VJ 1 1 — Kl 0j v _ * ft 

£ IT, Flrpic & 20wt% F-7/ L <»ftx^ £ h /!/«] 3.47 fc&t* Slflfi 
7s'-i ; > hM& Flrpic 0)»eit:j;§ro^? h;l/fc HCU ^*?ff$T-&§ Flrpic 



300 



~@100cd m" 
@200cd m 



400 500 600 700 
Wavelength (rnn) 



800 



1 3.47 1 Irpi< 1 - " KlAKU 1 ,< > fife El ' i >f£) L ' M-' 
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* Electric excitation 
■■— Excitation energy transfer 
— Intersystera crossing 

3.4eV 



4.26eV 



Q \ 2.8eV 

S? 2.6eV 2.64eV; 




PVCz 



FIrpic 



DYETM-4 



Emitting Layer Electron Transporting Layer 

j 3.48 nw umm el m¥temz£®Ltzmx.*>\'*-mM®m 



TPPO-Burst 4o J: tf A« T?& § PEDOT-PSS 6 ft A £*lfctf-?*5£ /U 

PVCzJgTfj&Cf), igx^^«tffi'^§ Plrpic 

iu< s>t!H \^/< < i hit : / ;,».• , -oci ) > cofcfe, jmraoF 

20wt % £ L ft 1 *. nm&Y-WW U %, \HWm T$mcMt- l r 50%& 
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>33 H 'AfH^f AA J: 1 1 3 



Ai- ? , ' AE3 - f ! t A Ah . (l ; i( ? , c > < 

ktuLil Ji AAAjo _t A*.S >t^H*IU iiL^V^^f-U - l -LX 

(2 (2 ' ^>Vf4, 5 a|Axx?0 If U ! — N, C3' ) 4 U S^A (7W1/ 
7A! f~ I (Btp z lr(acac)) *^l^^SiS^«|EL^-/-^^ Lit tit. slAil^ 
|.f TS^PVCz^X.%;V^— 4^^ «y7^ 3.4eV*>&*). < , &fcBtp2lr(aca<3 

it 2.>v? j :iitv>;^x^;i-t-"~-r-\-y"' - >, >: 



£ T , 7 /I/ # U ft ^ M & Cf 7 -tr h 
PEDOT--PSS?k$l» % X fcf y n— h ££i 
. ; K)5 c c, i «f 

APVCz 14g/L, Btp 2 lr(acac)#PVCzfc 
H)wt% K— 7 -> L 5 JciMUfctS! 
30 #0»T? 60nm$g$g LS WiJ 



T 3000 H^/^, 



1 SO fpd 



F P y y y CTHF) 
:MtT Swt%, AlqsJ&PVCziEjttLT 5, 7.5, 
•?l&ffiiA xiiAxj- htBcx 5000 ms&tfh 
:T 85°C, 1 mm®BLtt„ 2 £iC, TPPO-Burst 

fcT 3000 mm*, 30m>£ftV3Qnmtl&%&5KmmL, femmmiCT 95*C, 1 

ii, mi it z $ ic lx 3 m<om®mzLrcfi®$m%!>\ paa aa-v h 

U > 8 in Pa. M flu ' ' JL fM 1 k UP AAA 0A)i -O.U^iiAA - 
tt.Htm, - i , XI 11 0 01 -0X)2nnvfKCT lOOnm0$A§ C <b A £ 



0 V/ process 



llllllllll | 
M ;i. lo AO I K ^rft'mmitk \ 1 A A A. f AA 




TPP< .-Bnui AOnm ) 
(^process) 
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r 




r i 









Aiqs 
Btp2ii{acac) 

13,50 4-' ^ ! v ft EL^HHCf€Hit fc«^f:)ffcm^ 
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3.4. 

(0 ^-U/iU^ltm^iitT Si, Ge, P, P«0 #it«U a r* tl ,|: am 

(2) *X7^ >^'>FIIM*^ y TltMMfU 
DPPOBP, TPPO-Burst, TDPPOB, TPPO-TrtaK 
TPPO-Burst tl5^TX^M™-^f y 7 4.26eV, -1 

nj'Wm it) 3.oev el mm-ynjH^^ lt* 

(3) ; i i " \ v uviV&IHI fppo Burst \ • aii, > «, 
^»#<o£»3dC*i« el ^*^#l. *n^nmiM3WA m&i* 

4L7ed/A 11.6'W. 22.5c d/A (HM f"i f H> 11%). 

V 3.2cd/A (3%) >i>jf:C#fi EL Jft?£ LTjiV^^«»Lfc« 

(4) 7>vx-Mcmm*7>74 m mtfcm-^ y rn^^TPPo-Bm-st 

^x* y-/l/Af> Y v 7 o fc?;l/7/Vn-/l'£J^S Ctia^t, M EL » 



IT, TBPO, a-TNPO, 
■t^fyy'Wl'- 7eV, 
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3.5. ^mm^mmt&m 

W^rCJS^Cl ; (pit/: V ^ ' O * h , %\\ M !1 ' *i 'it 
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4. &ttb 



4,1. : - n<\ , ) -'ir^-u r?t ^ f Mi' , r - >> Wuitfl «<< 
~> + Wilt. - * xt , f ' f l fi < i / j . li' R'j.v^ 
CO ^75«i»fJ7iMH^; 5 i.,3^^a l uj'fU'jy^'Nfe, , mi 

M%mkZ*£r£ 4 O0€f;W-, TPD, CBP, 2C1DAF, 2ClCBzF <£Mr* U 
-/j -/- # > ©IfiltOX * H -t t -i- r 'J T A- 

*7^>w h 2cicbzf t>w^** vr&mm* 

CO hwM«i«i nnd j ' f n t jfi ] H i ,,H PhJ )HJ u, ilT- 

(4) f li*-;b#®it^4^ § fr3Wt£f r 3 lie, "BKU 9 

(5) , I 6X105Vcm m=3.1 \ 10WV ] s 1 ^if,', fOWj 1 1 M c 
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4.2. !-X~/ < : f4 v fWm^k % r " ?\ X 1HH Mmj i fU< >Y >c K \ f^J 6 

m 

(1) >. ^mt&WtLTSi, Ge. P. P»0£It$U a^.J .'i'-^ft 

(2) *X7 f Hlf#f«^ U TMMMI4<t L-T, TBPO, a-TNPO, 
DPPO-BP, TPPO-Burat, TDPPOB, TPPO-Trimei - £EH* LTz a CCD?*., 
TPPO-Burst >y"7 J 4,26eV, Ytyfbff^^t;!' 7eV, 

.1 \-m\h.uk>\ fsmm nm-mmmt Lxmrn^^yitm-yy 

(3) Y KI3Plft3Mr * U 7H2i*m TPPO-Burst r 
41.7cd/A 11.6%), #&T* 22.5cd/A 11%), 

~e 3,2cd/A (3%) tku^mEL m^tLxm^nmij^mLft, *it, 

(4) 7^n-^{CPlM^4vX7 -f y.t^^M»tt U Tfil^Mf! TPPO-Burst 
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5. mm 



Mil ' ' oi-V-O CM, Cfc<_ , - 

±, Vi'tKiMx ?tm*lK< Jh*,, i'm'/ * i> Kf/hNi^- 
!>, m . ! K < < «' . * ' * i~ ft, « fttc*ft > C H : i i 

iM If rtl; \ v Wli^t C 

fH ^HHHxUk KA M i ' fit 1 , !!< ' M*< l.H . 
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